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Automotive.Engines f o r  t h e  1980's 

Robert W. Richardson 

Eaton Corporation. Southf ie ld ,  Michigan 

The rec ip roca t ing  p i s t o n  engine has  dominated t h e  automotive scene 
f o r  more than 60 yea r s  .and u n t i l  very r ecen t ly ,  a t  least t o  most 
r e a l i s t s ,  seemed u n l i k e l y  t o  ever  be displaced.  Although the  p i s ton  
engine has served its use r s  w e l l  f o r  many years and is  l i k e l y  t o  
continue t o  do so f o r  some t i m e  t o  come, it does have a number of 
shortcomings which a r e  becoming more s e r i o u s  a s  ever  g r e a t e r  numbers 
come i n t o  use and a s  w e  become enl ightened on s o c i a l  values.  It  is 
a major con t r ibu to r  t o  a i r  and no i se  po l lu t ion .  I t  is  a l s o  r e l a t i v e -  
l y  i n e f f i c i e n t  and h a s  a narrow f u e l  t o l e rance  consuming l a rge  amounts 
of highly r e f ined  petroleum. 

The e a r l y  phases of an expected long-term energy crisis a r e  now upon 
us. 
a r e  c e r t a i n  and r a t i o n i n g  l i k e l y  cannot be avoided. The need t o  
g r e a t l y  increase e f f i c i e n c y  r a t h e r  than t r a d e  off  e f f i c i e n c y  f o r  
emission con t ro l  i s  t h e r e f o r e  becoming more obvious. Before t h e  end 
of t h i s  century (which is  c l o s e r  than t h e  end of World War 11) petro-  
leum must l i k e l y  be replaced a s  t h e  dominant f u e l  f o r  mobile power- 
p l an t s .  

Although much p rogres s  has been made i n  reducing automotive emissions, 
it has been achieved a t  t h e  p r i c e  of increased f u e l  consumption. Much 
f u r t h e r  reduct ions i n  emissions are needed t o  m e e t  t he  requirements 
of t he  Clean A i r  A c t  of 1970. 
tance is  the i s s u e  of  no i se  po l lu t ion .  

The e r a  of abundant low c o s t  energy i s  over.  Much higher  p r i c e s  

Growing, b u t  of  somewhat lesser impor- 

Wankel, S t i r l i n g ,  t u rb ine ,  s t r a t i f i e d  charge and d i e s e l  engines a re  
the  most s e r ious  contenders t o  replace o r  supplement today 's  pis ton 
engines.  Electric v e h i c l e s  a r e  n o t  considered se r ious  contenders be- 
cause of g ross ly  inadequate technology,and steam engines have too  low 
an eff ic iency.  

I n  addi t ion t o  t h e  t h r e e  s o c i a l  parameters discussed previously,  t he re  
a r e  seven o the r  major engine s e l e c t i o n  parameters - f l e x i b i l i t y  
(torque-speed c h a r a c t e r i s t i c s  and d r i v e a b i l i t y ) ,  smoothness, c o s t ,  

weight, s i z e ,  maintenance requirements and d u r a b i l i t y .  Figure 1 lists 
these  parameters i n  order of importance f o r  passenger c a r s  a s  of 1973. 
A r r o w s  show t h e  importance of noise  and e spec ia l ly ,  f u e l  consumption 
r i s i n g  t o  l a t e  1970's  (and perhaps Mid-1970's) values.  The f i v e  con- 
t ende r s  a re  compared on these  t en  parameters with the  4-cycle gasol ine 
p i s t o n  engine. 

The Wankel, d e s p i t e  much r ecen t  f an fa re ,  has  l i t t l e  t o  o f f e r  i n  the 
three important s o c i a l  a r eas  and uses s u b s t a n t i a l l y  more f u e l .  It 
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is  a l s o  a more c o s t l y  and less f l e x i b l e  engine and has  poorer dura- 
b i l i t y  c h a r a c t e r i s t i c s .  

The Wankel is smaller  and l i g h t e r ,  b u t  nowhere near  a s  much a s  o f t en  
claimed. These advantages a r e  no t  r e a d i l y  conve r t ib l e  i n t o  major 
reduct ions i n  veh ic l e  s i z e  and weight. Design s t u d i e s  i n d i c a t e  t h a t  
s e v e r a l  of the most compact c a r s  using t r ansve r se  p i s t o n  engines 
would have t o  inc rease  i n  length i f  a Wankel engine were s u b s t i t u t e d .  

The tu rb ine  engine i s  q u i e t e r  and can have very low emission bu t  has 
higher  f u e l  consumption. I t  is  l i g h t e r ,  smoother and more f l e x i b l e ,  
should r equ i r e  less maintenance, b u t  i s  c o s t l y  and i t s  d u r a b i l i t y  
has  no t  been proven (automotive a p p l i c a t i o n ) .  The tu rb ine  r equ i r e s  
considerable  a d d i t i o n a l  development be fo re  it could e n t e r  volume 
production. 

The S t i r l i n g  engine has  t h e  lowest f u e l  consumption, lowest emissions,  
and the  lowest no i se  of any known engine. I t  i s  p o t e n t i a l l y  capable 
of burning any f u e l  s ince  it is an e x t e r n a l  combustion engine.  It  
i s  becoming inc reas ing ly  apparent t h a t  w e  must supplement or begin 
t o  r ep lace  petroleum consuming mobile powerplants within the  next  10 
t o  20 years .  The S t i r l i n g  engine a l s o  has  f l e x i b i l i t y ,  smoothness, 
maintenance and d u r a b i l i t y  advantages, b u t  tends t o  be somewhat bulky 
and cos t ly .  

The S t i r l i n g  engine is i n  an e a r l y  s t a t e  of development. Introduct ion 
i n  high volume production is no t  l i k e l y  u n t i l  a t  l e a s t  t he  e a r l y  t o  
Mid-1980's. 

S t r a t i f i e d  charge engines could be  introduced r e l a t i v e l y  quickly i n t o  
production as  it i s  a v a r i a t i o n  of t oday ' s  p i s ton  engine. The s t r a t -  
i f i e d  charge engine provides a better t r a d e  o f f  between f u e l  consump- 
t i o n  and exhaust emissions: t h e  engine appears t o  be capable of m e e t -  
i n g  the inter im 1975 and 1976 emissions s tandards while  equa l l ing  o r  
b e t t e r i n g  today 's  engines '  f u e l  economy. 

S t r a t i f i e d  charge engines have a disadvantage i n  t h a t  t h e i r  s p e c i f i c  
power output  i s  somewhat l e s s  than conventional engines,  r e s u l t i n g  i n  
lower performance c a r s  o r  an inc rease  i n  engine s i z e .  Ultimately t h i s  
disadvantage may be overcome by turbocharging b u t  a t  l e a s t  t he  f i r s t  
generat ion of s t r a t i f i e d  charge engines a r e  n o t  l i k e l y  t o  use turbo- 
chargers .  

D i e s e l  engines have low f u e l  consumption and low emissions of con- 
t r o l l e d  p o l l u t a n t s  b u t  high emission of smoke,odor and noise.  m e y  
r equ i r e  less maintenance and have a long l i f e  b u t  a r e  a t  a disadvan- 
t age  i n  a l l  o the r  c h a r a c t e r i s t i c s .  

On balance the re fo re ,  t he  s t r a t i f i e d  charge r ec ip roca t ing  engine 
appears t o  be t h e  leading near-term chal lenger  and t h e  S t i r l i n g  en- 
gine,  t h e  leading long-term contender.  
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Figure 2 i s  a composite c h a r t  showing our es t imated  range of probable 
market pene t ra t ion  of each engine type through 1985. The lower dark 
shaded band is f o r  t h e  Wankel. The maximum probable is  about 13% by 
1980 and 23% by 1985. The minimum probable  rises t o  3% i n  the  l a t e  
1970 ' s  gradual ly  f ad ing  away i n  t h e  ear ly-1980's .  Second, f o r  the  
t u r b i n e  and S t i r l i n g  engines  - penet ra t ion  again,  from none up t o  8%. 
The balance of  t h e  market, t he  r ec ip roca t ing  p i s ton  engine is obtained 
by sub t r ac t ing  the  sum of turb ine  and Wankel minimum and maximum pene- 
t r a t i o n s  from 100. I t .wou ld  have a market share  of a t  l e a s t  69% and 
could conceivably t ake  t h e  whole market i n  1985. The maximum p i s ton  
engine market sha re  i n  1980 is  97% due t o  t h e  f o r e c a s t  minimum Wankel 
pene t ra t ion .  The number of ca t a lys t - con t ro l l ed  rec iproca t ing  engines 
w i l l  be s u b s t a n t i a l l y  lower than shown i f  t h e  1975 standards a r e  lib- 
e r a l i z e d .  The p i c t u r e  f o r  1976 and beyond i s  s t i l l  very  unse t t led .  

The c a t a l y s t  curve shows an e a r l y  dec l ine  as t he  s t r a t i f i e d  charge 
engine comes i n t o  use. The s t r a t i f i e d  charge engine may indeed prove 
s u f f i c i e n t l y  a t t r a c t i v e  t o  not  only take  over t h i s  whole rec iproca t ing  
engine segment, a t  l e a s t  69% of the  t o t a l ,  b u t  t o  even recapture  the  
small  segment l o s t  t o  t h e  Wankel i n  t h e  mid- and late-1970's.  By 1985 
t h e  s t r a t i f i e d  charge engine could be t h e  only engine i n  production. 

In conclusion: 

1. Reciprocating p i s ton  engines w i l l  remain dominant w e l l  i n t o  the  
1980's.  

2 .  Vehicle and engine manufacturers cont inue t o  approach change with 
caution and w i l l  fo l low conservat ive in t roduc t ion  and commercial- 
i z a t i o n  s t r a t e g i e s .  

3. Economics w i l l  cont inue t o  be t h e  dominant in f luenc ing  fac tor .  

4. But s o c i a l  requirements, e s p e c i a l l y  f u e l  consumption, w i l l  become 
more s i g n i f i c a n t  i n  inf luenc ing  change t o  d i f f e r e n t  engines. 

The ove ra l l  conclusion, t he re fo re ,  i s  t h a t  t he re  s t i l l  i s  considerable 
uncer ta in ty  a s  t o  t h e  choice and r a t e  of commercialization of s p e c i f i c  
- new 'engines, b u t  no revolu t ions  a r e  l i k e l y  i n  t h e  near  fu ture .  



1 
I 
>I 
i 

I 

/ 

43  

This summary i s  based on a complete r e p o r t  by t h e  same t i t l e  published 
by the Eaton Corporation. 

Major i npu t s  f o r  t h e  r e p o r t  w e r e  obtained from over 60 in-depth i n t e r -  
views worldwide. These included c a r  and t ruck  manufacturers: heavy 
duty and small engine producers: developers of new engines:  ma te r i a l s ,  
p a r t s ,  f u e l s  and l u b r i c a n t s  supp l i e r s :  machine t o o l  b u i l d e r s :  govern- 
ment agencies:  t r a d e  a s soc ia t ions :  independent research i n s t i t u t e s  and 
consul tants .  These inpu t s  w e r e  combined wi th  bus iness ,  t echn ica l  and 
h i s t o r i c a l  analyses  and an evaluat ion of t h e  s o c i a l ,  p o l i t i c a l  and 
economic fo rces  t h a t  cause change. 

Primary emphasis was placed on the  Wankel engine and on those f a c t o r s  
which w i l l  have the  g r e a t e s t  bear ing on i t s  (degree and r a t e  o f )  com- 
mercial izat ion.  P r i o r i t y  was placed on passenger c a r  app l i ca t ion  
followed c l o s e l y  by heavy du.ty markets with a r e l a t i v e l y  modest e f f o r t  
i n  the small  engine area.  
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